Carbon and hydrogen isotope ratios of cellulose nitrate and oxygen isotope ratios of cellulose from species of greenhouse plants having different photosynthetic modes were determined. When hydrogen isotope ratios are plotted against carbon isotope ratios, four clusters of points are discernible, each representing different photosynthetic modes: C3 plants, C4 plants, CAM plants, and C3 plants that can shift to CAM or show the phenomenon referred to as CAM-cycling. The combination of oxygen and carbon isotope ratios does not distinguish among the different photosynthetic modes. Analysis of the carbon and hydrogen isotope ratios of cellulose nitrate should prove useful for screening different photosynthetic modes in field specimens that grew near one another. This method will be particularly useful for detection of plants which show CAMcycling.
There are three major photosynthetic pathways in plants: C3,2 C4, and CAM. Carbohydrates in all three are synthesized by the Calvin cycle. In C3 plants, CO2 is fixed directly into the Calvin cycle, with the primary carboxylation product being a threecarbon compound (11) . In C4 and CAM plants, the initial carboxylation product is a four-carbon compound (10, 1 1) which is subsequently decarboxylated, with the resulting CO2 being processed by the Calvin cycle as in C3 plants. C4 and CAM plants differ in that the first carboxylation reaction in C4 plants is spatially separated from the Calvin cycle whereas in CAM plants it is temporally separated. In C3 and C4 plants, all CO2 uptake occurs during the day, while in CAM plants CO2 uptake occurs during the night (I 1). CAM plants also display a diurnal fluctuation in titratable acidity which is not observed for C3 or C4 plants (9) .
In addition to these three major photosynthetic pathways, a number of variants have been discovered in recent years. The capacity of some C3 plants to shift to CAM under specific environmental conditions is well documented for several species ' Supported in part by National Science Foundation Grants PCM82-00366 and ATM79-2459 1. 2 Abbreviations: C3 plants, plants in which the primary carboxylation occurs by ribulose bisphosphate carboxylase; C4 plants, plants having Kranz anatomy in which the primary carboxylation occurs via P-enolpyruvate carboxylase; CAM plants, succulent plants having a diurnal acid flux in which the primary carboxylation occurs via P-enolpyruvate carboxylase; PDB, belemnite from the Peedee formation of South Carolina; SMOW, standard mean ocean water, PEP, P-enolpyruvate; RuBP, ribulose bisphosphate.
(I 1). A modification of CAM (referred to here as CAM-cycling3) has recently been reported (21) . In species with CAM-cycling there is diurnal fluctuation of organic acids, but all gas exchange occurs during the day (9, 14, 21 
MATERIALS AND METHODS
Plants were grown from cuttings in a greenhouse in Riverside, California with an annual mean high temperature of 28°C and a mean low of 22°C. Plants were watered frequently to avoid water stress. Titratable acidity and CO, uptake were measured as described in Ting et al. (21) . Samples of plant material for isotopic analysis were collected in one afternoon, air-dried at 50°C for several days, further desiccated in a freeze dryer, and then ground to a fine powder in a Wiley mill. Cellulose was extracted by the method of Wise (24) . Cellulose oxygen isotope ratios were determined by the method of Rittenberg and Ponticorvo (16) as modified by Burk (2) . Carbon and hydrogen isotope ratios of cellulose nitrate, prepared from cellulose as described elsewhere (3) were determined by a modified version of the Stump and Frazer method (13, 18 Table I .
Results of our isotopic analysis are shown in Table I Figure 1 shows the relationship between hydrogen and carbon isotope ratios of cellulose nitrate for the plants we analyzed. Figure 2 shows the relationship between oxygen and carbon isotope ratios of cellulose and cellulose nitrate, respectively. Figure 3 (Fig. 2) . Within the group of plants with 6 '3C values ranging from -30%o to -25%o, there is a broad overlap in the oxygen isotope ratio among C3 plants having 680 Ziegler et al. (25) proposed that CAM plants are enriched in deuterium relative to C3 and C4 plants because of their ability to maintain metabolic activity under water stress. They argued that, under water stress, plant water becomes enriched in deuterium during evaotranspiration (23) , and this enrichment is passed on to the organically bound hydrogen. If this proposal is correct, plants with higher cellulose nitrate AD values should also have higher cellulose 518O values, since evapotranspiration also causes enrichment of 8O in plant water (8) and consequently in cellulose (4). Thus, there should be a correlation between SD values of cellulose nitrate and 58O values of cellulose. We did not observe such a correlation in two previous sample sets (17; Stemnberg et al., submitted) and concluded that isotopic fractionations occurring during biochemical reactions, rather than those occurring during evapotranspiration, are responsible for the hydrogen isotope differences between CAM plants and C3 and C4 plants. In this sample ofgreenhouse-grown plants, there is a weak but significant correlation (r = 0.63; m = 6.88; b = -212) between cellulose nitrate AD values and cellulose 518O values (Fig. 3) . We suggest that this correlation is somehow related to the fact that the plants were grown in an artificial environment, because field-collected samples growing in a single location and encompassing all the photosynthetic modes analyzed here show no such correlation (Ting et al. unpublished data).
We did not observe any significant correlation (r = 0.07; m = 0.409; b = 35.52) between SD and S'3C values of cellulose nitrate in CAM plants (Fig. 1) . In contrast, Ziegler et al. (25) observed a correlation between AD and 6 3C values of total organic matter of CAM plants. The basis for the difference between these observations can be understood by considering the factors which 
